ABSTRACT: This study aimed to assess vegetal cover evolution on a river island within the Ecological Station of (EEP), by remote sensing. For this purpose, Normalized Difference Vegetation Indexes were generated for Landsat 1 (1973 ( ) and Landsat 5 (1984 ( , 1990 ( , 2000 images. Five landscape units were identified in the field: bare soil, Rough savanna, Typical savanna, Forested savanna and Evergreen dry woods. Only Forested savanna and Evergreen dry woods showed poor spectral splitting, being thus considered as a forestry complex. Changes throughout time have occurred in all units, with decreasing in bare soil areas (-2.56 ha year -1 ), Rough savanna (-0.66 ha year -1 ) and Typical savanna (-0.94 ha year -1 ) and with an increase in the Forested savanna (5.97 ha year -1 ). Thus, the method used in this study was effective for sorting and assessing plant cover of the landscape units studied over time.
INTRODUCTION
Human actions generally promote changes to the environment and lately, have led to different impacts on ecosystems, mainly forests, influencing climate changes, as well as energy and mass exchanges between soil and atmosphere (ACHARD et al., 2014; PETTORELLI et al., 2014; VIEIRA et al., 2013; SILVA et al., 2013; TOWNSHEND et al., 2012; EVA et al., 2012) . Awareness of these changes is growing and, therefore, a series of studies have been designed to detect and quantify their extent (ten CATEN et al., 2015; GRECCHI et al., 2014; ROCHA et al., 2011) . Currently, geo-technological systems and products are indispensable tools for spatial and temporal detection, evaluation and monitoring of problems related to the environment (GÓMEZ et al., 2016; ANDREW et al., 2014; BODART et al., 2013; BODART et al., 2011) . This is due to distinct data integration and overlapping at varied scales by geographic information systems (GISs), facilitating decision-making and shifts, if necessary, on land use and occupation policies (BEUCHLE et al., 2015; ten CATEN et al., 2015; MÜLLER et al., 2015; COELHO et al., 2014; GIRI et al., 2013; POTAPOV et al., 2011; DURIGAN & RATTER, 2006) .
Among the geo-technologies used for identification and evaluation of changes in structure, physiognomy and dynamics of vegetal coverage across different dates, it is noteworthy mention spectral change detection by vegetation indices (JUNGES et al., 2013; SEXTON et al., 2013; DALPOSSO et al., 2013; HILL et al., 2012) . Normalized Difference Vegetation Index (NDVI) is one of the vegetation indices most used in studies of plant coverage, since it allows evaluating vegetation conditions and respective spatiotemporal changes (SOUTHWORT et al., 2013; GIRI et al., 2013; TOWNSHEND et al., 2012) . From NDVI values, regional classification of vegetation and landscape is facilitated, including Brazilian savannas (Cerrado) (CARVALHO JÚNIOR et al., 2008; LIESENBERG et al., 2007; .
In this context of changes and spatial distribution of vegetation, we may insert the Ecological Station of Pirapitinga (EEP). This area is protected since 1975, as a compensatory measure for water reservoirs built by Três Marias plant (UHT) in 1962. According to local historical accounts, a few years after UHT reservoir was filled up, significant landscape changes took place, especially within EEP surroundings. One of the first reports on changes in EEP described the emergence of Evolution of Cerrado vegetal cover on a river island based on orbital imaging data Eng. Agríc., Jaboticabal, v.36, n.6, p.1186 Jaboticabal, v.36, n.6, p. -1197 Jaboticabal, v.36, n.6, p. , nov./dez. 2016 Jaboticabal, v.36, n.6, p. 1187 forest-sized plants that, over the years, has colonized locations where it had not been observed before. Thus, our research was based on the assumption that, after the filling of Três Marias dam, there were several significant changes in the local landscape of the reserve. Therefore, this study aimed to divide the land cover into classes and evaluate the spatial-temporal dynamics (from 1973 to 2011) with the aid of NDVI.
MATERIAL AND METHODS
The study was developed in the Ecological Station of Pirapitinga (EEP), between the cities of Morada Nova de Minas and Três Marias (MG) (Figure 1 ). The EEP belongs to the fluvial archipelago of the Marias islands, inserted in the UHT dam. After the reservoir filling in 1962, the area became an island, what occurs when water reaches a maximum level (Figure 1) . FIGURE 1. Location of the Ecological Station of Pirapitinga, Minas Gerais state (Brazil).
The ecological reservation has an area of nearly 1,180 hectares, and perimeter of 20 km. It is at an average altitude of 570 and 630 meters above sea level. The local climate is classified as Aw by the climatic classification of Köppen-Geiger (KOTTEK et al., 2006) . This climate is featured by hot and humid summers, with cold and dry winters. The relief is mostly slightly hilly; within a breadth of 50 m., prevalent soils locally are Red Latosols and Haplic Cambisols.
Five landscape units were detected on site and selected, being: bare soil (BS), Rough savanna, Forested savanna, Typical savanna and Evergreen dry wood. Such vegetation types were classified according to RIBEIRO & WALTER (2008) (Table 1) . Source: GIÁCOMO et al. (2013 GIÁCOMO et al. ( , 2015 . DSH = diameter at soil height; DBH = diameter at breast height. Because of variations in the UHT water level, the island under study acquires different features over the years. For this reason, for spatial-temporal reviews, the area was limited based on the maximum water level achieved by UHT reservoir (Figure 1) After radiometric corrections, the images were again processed for NDVI calculations as proposed by ROUSE et al. (1973) and used by BITENCOURT et al. (1997) . This index is derived from spectral information from TM3 (red) and TM4 (near infrared) bands contained in the TMLandsat 5 (Equation 1).
NDVI hybrid images were used for supervised and unsupervised calculations. The latest images (2011) were rated by supervised classification, by means of Maximum Likelihood (ML), since this year was taken as a control, in addition to 20 samples of reference points for each vegetation type in the field. Once the older images had no reference points in the field, they were classified by unsupervised method -ISODATA. The geographical coordinates of the points were recorded by a Global Positioning System (GPS) navigation receiver (Garmin, model 76CS).
The supervised method by ML follows a few procedures for effectiveness achievement, being one of them the separability. For evaluation of this factor, a transformed divergence method is used for the production of a separability matrix between landmarks (QUARTAROLI & BATISTELLA, 2006) . Besides, Kappa index (K) was also estimated, as proposed by LANDIS & KOCH (1977) and described below: Ground truthing was validated for the 47 control points in the five classes, whose locations were checked in the field by GPS set at World Geodetic System 84 (WGS 84) datum and Universal Transverse Mercator (UTM) grid. This procedure was performed for checking and automatic classification and ground truth.
In order to set the areas covered by each landscape unit (LU) in each year (1973, 1984, 1990 and 2000) , ISODATA classification method was used. For this study five categories were defined and likeness of pixels with 10 interactions.
Both NDVI and LU data showed no repetitions. For this reason, chi-square nonparametric test (χ 2 ) was applied at 5% probability to assess differences between the mean NDVI for each LU over the years, as well as for calculating the absolute area of each LU and year. To investigate the relationship between NDVI and the dynamics of absolute areas of LUs, we used the Spearman correlation at 1% and at 5% probability
RESULTS AND DISCUSSION
LU separability could be calculated from spectral signature identification of each of them, in 2011 (Table 3) . From the point of view of spectral differentiation, the more well-defined, the better the supervised classification (KUPLICH et al., 2013; SEXTON et al., 2013; OTTINGER et al., 2013; RASI et al., 2011 Among the LUs, bare soil showed the highest separability. Notwithstanding, Rough savanna and bare soil had the lowest values of separability (Table 3) , not indicating a good rating. It is very likely that these values were found because of the low canopy density of rough savanna physiognomy, which increased soil exposition.
Low separability values, in general, indicate the relevance of grouping same class samples (MISHRA et al. 2015; LIESENBERG et al., 2007; BITENCOURT et al., 1997) . Conversely, the low separability between rough savanna and bare soil, found here, had no effect on separation visualization in land cover map (Figure 3) , being afterwards confirmed in the field. MISHRA et al. (2015) studied savanna landscape units in Africa and found low separability between shrubby vegetation and bare soil; however, a good distinction was displayed on the maps, and later confirmed in situ. These authors also stated that a structural similarity between both units resulted in lower spectral separability. Therefore, in our study, we decided not to group the Rough savanna and bare soil classes.
In addition, Forested savanna and Evergreen dry wood have failed to provide a good spectral separation by the transformed divergence method (Table 3 ). This result might have been due to flora and structural similarities between these two vegetal formations (Table 1) (GIÁCOMO et al., 2015) , thereby increasing the similarity of their spectral signatures. For this reason, both were grouped into the same class named Forest complex, which was used in unsupervised classifications in the years of 1973, 1984, 1990 and 2000. Studying the NDVI of vegetation types in a "Cerrado" broad sense biome, BITENCOURT et al. (1997) had reported no good separation between Forested savanna and Mesophilic forest. These authors also reported that these phytophysiognomies have very similar characteristics and, on that basis, could not be separated by NDVI values (NDVI = 0.45 to 0.56). Nonetheless, for the other LUs in EEP, NDVI values are within the range determined by LIESENBERG et al. (2007) and BITENCOURT et al. (1997) (Table 4) . Overall, the accuracy of classes followed the same pattern as the separability of them, in other words, classes with bad separability had lower Kappa index. The separability between bare soil and rough savanna was considered very good, while between Typical savanna and Forest complex as excellent (Table 4 ). This standard indicated that control points generated by the software ERDAS Imagine (2014) validated the classification prepared by the method MAXVER.
Chi square χ 2 testing showed significant differences in NDVI values in all assessed years (χ 2 = 17.68; the degree of freedom = 5 and p < 0.005). This standard displays differences in vegetation photosynthetic activity in each evaluated years. These results are confirmed by a positive relationship between mean NDVI values with the evaluated years (Figure 2) , i.e. in the course of time, these values increased. It suggests a dynamics among the phytophysiognomies in EEP, which, over time, showed an increase of biomass in LUs, turning from an open canopy condition into a more closed one. This procedure distributes spectral classes uniformly throughout space and, subsequently, clustering class by class, as an interactive process. Correlations between mean NDVI and the area of the LUs along the years, in general, were significant. It is worth mentioning that NDVI was negatively correlated to bare soil and rough savanna, while for Forest complex, it was positive (Table 5 ). This relationship expresses that, over the years, bare soil and rough savanna decreased while Forest complex increased with mean NDVI for the respective years. Likewise, correlations between absolute areas in the respective years were also significant. Forest complex had a negative correlation with both bare soil and rough savanna, namely while the first increases the latter two decrease over time. Bare soil and rough savanna had a positive correlation with each other, and highly significant. Based on this, we may infer that these LUs have their areas reduced in the course of time, at the expense of increases in the Forest complex (Table  5 ).
The mapping showed significant changes in vegetation cover of the EEP over the 38 years evaluated (χ 2 = 16.14, the degree of freedom = 4; and p <0.0011). In short, the modifications occurred for all classes, observing depletion for bare soil, rough savanna and Typical savanna and growth for Forest complex (Figure 3) . These results are endorsed by high coefficients of determination reached for all LUs (Table 5) , with a downward trend for bare soil, rough savanna and Typical savanna and upward for the areas of Forest complex (Figure 4a ). Either bare soil or rough savanna showed the least decreases over time (Figure 4a ). It has occurred because these savanna vegetation types are located on shallow soils with low water availability, as in Haplic Cambisol. This finding corroborates HENRIQUES (2005) who reported that phytophysiognomy variations in Cerrado biome are regardless of soil fertility. As such, their distribution is mostly related to soil depth, since it set the stock of nutrients and soil water content by the end of dry season. According to the same author, shallow soils with fewer water contents during the dry season are prone to more open vegetation covers. As a result, we may infer that the In terms of area proportion, Typical savanna had the largest value for all studied years ( Figure  4b ). In 1973, Forest complex had the least representation; however, only seventeen years were required (up to 1990) so that it became the second area in size. At the beginning (1973), the bare soil was the third in the relative area; however, eleven years later, it rose to the fourth position (Figure 4b ).
During the entire study period , the bare soil was the only class showing area decrease, being most significant between 1973 and 1984 ( Figure 4c ). This period was also the only one within which Typical savanna showed growth (6.1 ha yr -1 ), decreasing after that. For rough savanna, an area increase was observed between 1984 and 2000; however, in the subsequent interval there was a reduction rate (2.7 ha yr -1 ). Since 2000, bare soil, Rough savanna and Typical savanna showed a downward trend if compared to Forest complex (Figure 4c ).
In summary, Forest complex was the only one to show an increase in the area throughout the study period. During the 38 years analyzed , the Forest complex growth rate was nearly of 6 ha yr -1 , while the other classes have become into other classes over time, but with less intensity (Figure 4c ). The increase in Forest complex areas during the study period disagrees with results obtained by other authors in arid regions around the world, in which the forest covers have been turning into savanna physiognomies (MISHRA et al., 2015; GRECCHI et al., 2014; MÜLLER et al., 2015; HIROTA et al., 2011; ROCHA et al., 2011) . ANADÓN et al. (2014) explained that changes in landscape and regional weather might increase transitional vegetation in biomes. This process may be related to the presence of forest formations in Cerrado areas with deep, fertile and moist soils (HENRIQUES, 2005) , as it is observed in Red Latosols of the studied EEP, as well as fighting fires (DURIGAN & RATTER, 2006) . In this study, transitional vegetation types were Forested savanna and Evergreen dry woods, which are expanding onto areas originally occupied by Typical savanna, on fertile moist soils found near the banks of the EEP (Figure 3) . Therefore, the higher conversion rate of the Forest complex in relation to the other LUs is due to well adaptation of Evergreen dry wood and Forested savanna to the most humid environments of the EEP, associated with greater protection against fires and animal grazing. In accordance with the outcomes shown in this study, we may assume that some of the LUs in EEP have evolved into other types with a larger volume of plant biomass over the time. Therefore, in the course of time, there will be most likely a successional evolution following this sequence: bare soil < Rough savanna < Typical savanna < Forest complex.
Confirming the statements of this study, much attention has been paid to fast changes in succession and fragmentation of rare natural Cerrado environments in the recent decades (SILVA et al., 2013; ROCHA et al., 2011; CARVALHO JÚNIOR et al., 2008; LIESENBERG et al. 2007; DURIGAN & RATTER, 2006) . As a positive factor, the assessment of these changes is increasing the number of protected areas in these environments whether they are protected or not against human actions. Nevertheless, for the conservation of natural environments of a Cerrado broad sensu has to take into account the ecological processes to which the area is subjected throughout thousands of years, such as fires (HIROTA et al., 2011; DURIGAN & RATTER, 2006) . Therefore, only to surround and protect the natural areas of Cerrado broad sensu is not enough against the influence of fire. This protection likely will result in environmental imbalance; and the ecosystem will possibly evolve into a different condition of the original one (ANADÓN et al., 2014; DURIGAN & RATTER, 2006) .
CONCLUSIONS
The method used in this study provided a satisfying monitoring of the vegetal covers on landscape units throughout different times. The results pointed out changes in space and speed over the time, allowing us to build the current scenarios and rebuild the past conditions.
The spectral values were able to distinguish almost all landscape units. Only Forested savanna and Evergreen dry wood did not differ spectrally from each other, being thus grouped into the same class named as Forest complex.
Landscape unit NDVI and absolute areas showed significant differences during the assessed period, demonstrating increased photosynthetic capacity of the vegetation over the time. This result suggests a successional development of the landscape units to phytophysiognomies with higher plant biomass.
Regarding conversion rate, Forest complex was the only class with an area increase during the 38 analyzed years; the other landscape units have been converted into other classes over the time.
